(CS) may contribute to increased risk for autism-spectrum disorder (ASD). We examined prevalence of ASD symptoms in 14 individuals (six females) age 1-18 years with molecularly confirmed CS. Caregivers completed the Modified Checklist for Autism in Toddlers (M-CHAT) for ages 0-4 years (n = 7), and the Social Communication Questionnaire (SCQ) for ages 4 and older (n = 7). Age was associated with meeting ASD criteria: 5/7 (71.4%) younger children met the ASD cut-off on the MCHAT, compared to 0/7 older children on the SCQ. The following medical and developmental factors were strongly associated with ASD criteria on the M-CHAT: having a gastrostomy tube at time of assessment, not eating solid food, not walking, and not being toilet trained. Two children who met stricter ASD criteria had significantly lower adaptive functioning and were physically much more impaired. Among older participants, SCQ subscale scores in communication, socialization, and repetitive behavior domains were comparable to the typically-developing normative sample. ASD symptoms were highly elevated in younger CS individuals. Older children did not differ from typically developing samples in prevalence of ASD symptoms. CS individuals may appear to fall on the autism spectrum in early childhood due to severe feeding and orthopedic problems that improve by age four, suggesting many of these children may eventually emerge out of an ASD presentation.
| MATERIALS AND METHODS
Participants were 14 children (six females) with CS who were recruited with their parents at the 8th International Costello Syndrome Family Forum conference in Orlando, FL (2013) . All children had CS confirmed by identification of an HRAS mutation via molecular analysis (Gripp et al., 2006) . Seven participants had the common p.G12S mutation, four had p.G13C, two had p.G12C, and one had p.G12A (Table 1) . Ages ranged from 22 months to 18 years (mean = 7.0 years, median = 4.2 years, SD = 5.6 years). Nonverbal IQ was only available for children who were 6 years and older; the test battery could not be successfully completed by any younger children, given their level of impairment. IQ scores for the older children fell in the Very Low range (Leiter-R Brief IQ Mean = 64.8, Median = 62.0, SD = 14.1, Range = 44-87; Roid & Miller, 1997) , consistent with prior studies.
Informed consent was obtained from parents prior to testing, and whenever possible, child assent was also obtained. The study was approved by the appropriate institutional research ethics boards.
Assessments occurred individually in a private location during the Costello Syndrome Family Forum Conference. Caregivers/guardians were interviewed by a licensed psychologist (JMK) and each child was tested individually by JMK or a board-certified psychometrist.
Symptoms of ASD were assessed using either the Modified Checklist for Autism in Toddlers (M-CHAT) (Robins et al., 2001) or the Social Communication Questionnaire (SCQ) (Rutter, Bailey, & Lord, 2003) based on the child's age. The M-CHAT is validated for use with children age 16-30 months, whereas the SCQ has been validated with children age 48 months and older (provided they have a mental age greater than 24 months). Given the neurodevelopmental delays that characterize our sample of children with CS, we felt that the M-CHAT would be the more valid measure for the children younger than 48 months in our study. Parents of children younger than 4 years, (n = 7), therefore completed the M-CHAT, a 23-item yes/no questionnaire that has been widely used to screen for ASD symptoms in toddlers (due to administrative error, one child who was slightly above the age group cutoff also received the M-CHAT instead of the SCQ). A total score of three has been recommended as the cutoff for further evaluation, in order to maximize sensitivity (Robins et al., 2001) . However, in a large study of 18,989 toddlers screened for ASD at pediatric well-child visits, a cutoff score of three had a positive predictive value (PPV) of only 0.06, whereas a cutoff of seven had a PPV of 0.82 (Chlebowski, Robins, Barton, & Fein, 2013) . We, therefore, examined both cutoff scores in the present study. Parents of children 4 years and older (n = 7) completed the Lifetime version of the SCQ, a 40-item yes/no questionnaire originally designed as a companion screening measure of the Autism Diagnostic Interview-Revised (ADI-R). The recommended cutoff score of 15 has a sensitivity of 0.85 and specificity of 0.75 for detecting the presence of a possible ASD (Berument, Rutter, Lord, Pickles, & Bailey, 1999; Snow & LeCavalier, 2008) . Domain scores can be calculated in three areas:
Reciprocal Social Interaction; Communication; and Restricted, Repetitive, and Stereotyped Patterns of Behavior. The SCQ has strong reliability and validity Charman et al., 2007) . All measures were scored by a licensed psychologist, and scoring was verified by a trained technician before entry into the database. VABS-II standard scores were derived using normative data based upon the participants' chronological age. The VABS-II was completed by all but one participant, who declined due to time constraint. A second participant did not complete all items, so the Daily Living Skills index and Adaptive Behavior Composite could not be derived. These subjects were omitted from the relevant analyses. Data were analyzed using SPSS 23 (IBM Corp, 2015) . Descriptive statistics and bivariate correlations were generated for all variables. Group differences were analyzed with Fisher's exact test, univariate analyses of variance, and independent samples t-test.
| RESULTS
Descriptive statistics are presented in Table 1 . The younger and older groups had equal numbers of males and females, and did not differ significantly in terms of different mutations. Scores on the M-CHAT and SCQ did not correlate significantly with any Vineland scales. As shown in the table, the older group had somewhat higher Vineland scores, but no difference approached statistical significance.
Age group was significantly associated with meeting ASD criteria on the respective screening measures. Five of seven (71.4%) of the younger children met the recommended ASD cutoff of three on the MCHAT, compared to 0/7 of the older children who received the SCQ (ϕ = 0.745, P = 0.021, Fisher's exact test). In fact, no SCQ score even approached the cutoff of 15 (see Table 2 ). In addition, 2/7 (28.6%) of the younger children met the stricter cutoff of 7 on the MCHAT. Table 2 shows medical and developmental information for all 14 subjects. 86% of the younger children had a gastrostomy tube at the time of our assessment, compared to 29% of the older children; however, this difference was not significant (P = 0.103). Having a gastrostomy tube, however, was strongly associated with meeting the recommended ASD criterion on the M-CHAT; 33% of children who did not meet ASD criteria had a gastrostomy tube versus 100% of children who did meet ASD criteria (ϕ = 0.645, P = 0.031, Fisher's exact test). Not yet eating solid food was also associated with meeting ASD criteria (ϕ = 0.701, P = 0.027, Fisher's exact test). The younger and older groups did not differ on other medical variables.
As would be expected, the older group had met many more developmental milestones than the younger group. Developmental factors associated with meeting the ASD cutoff were: not yet walking (ϕ = 1.0, P = 0.000 Fisher's exact test) and not being toilet trained (ϕ = 0.861, P = 0.003, Fisher's exact test). There was no association between other medical problems or surgeries and ASD criteria in our sample.
Two children who had the p.G12S mutation met conservative ASD criteria on the M-CHAT. One (subject #6) was quite impaired. 
Vineland-2 scores are standard scores with M = 100 and SD = 15. The liberal (recommended) ASD cutoff score for further screening on the M-CHAT = 3 and on the SCQ = 15. The conservative cutoff on the M-CHAT = 7. No n/a n/a n/a n/a n/a n/a n/a
Gastrostomy 
Children who met liberal ASD criteria did not differ on any
Vineland scale from children not meeting ASD criteria. It is also worth noting that social functioning was the highest rated adaptive behavior domain for both age groups, with the older group falling in the low-average range relative to same-age peers.
Finally, we compared our cohort's scores on SCQ subdomains with the SCQ normative samples (Rutter et al., 2003) . As shown in Figure 1 , children with CS scored below the mean (i.e., had fewer symptoms) compared to all three normative groups, including typically-developing children (the non-ASD group). In fact, no child with CS scored above the mean for typically developing children in any subdomain.
| DISCUSSION
In our sample of individuals with CS, symptoms of ASD were elevated only in younger children. Among those assessed with the M-CHAT, 71%
(5/7) met the liberal screening cutoff, and 29% (2/7) met the more conservative cutoff for possible ASD. In contrast, no older child or youth assessed with the SCQ in our study exceeded the screening cutoff score.
In fact, SCQ domain scores were equal to or lower than domain scores in the typically-developing normative sample (Rutter et al., 2003) , and this was true not only of the overall sample but of each individual child. We are therefore confident that, at least in our small sample, the older children were not presenting with notable ASD symptoms.
Screening questionnaires for ASD are designed to maximize sensitivity, as it is preferable to over-identify children in need of further evaluation than to miss true cases of ASD, which can have significant consequences for a child's ability to receive early intervention. However, a downside is that these tools may overestimate the prevalence of ASD symptoms in medicallycomplex children (Johnson & Marlow, 2009 ). As noted above, the first 4 or 5 years of life for a child with CS are characterized by severe feeding problems and failure to thrive. Most infants with CS require gastrostomy feeding, and many experience severe gastroesophageal reflux disease. Language development is delayed, and many children with CS do not begin to talk until they start tolerating oral feeds between the ages of two and four (Gripp & Lin, 2012) . In our sample, all five children who met ASD criteria were still being fed via gastrostomy tube, and two could not yet tolerate any solid food. It should be noted that all 14 children in our study had a gastrostomy tube at some time, but only those children who still had one at the time of our assessment met ASD criteria.
These data suggest that feeding and nutritional problems early in life might contribute to an elevated rate of positive findings of ASD symptoms in very young children with CS.
Other authors have described ASD-like presentations in very young children with CS that resolve as feeding problems improve. Kawame et al. (2003) reported irritability, hypersensitivity to touch, and excessive shyness in infants with CS that resolved with improved feeding between ages two and four. At 4-5 years of age, the same children "showed social and happy characteristics . . . [that were] typically appreciated at the clinic visits." Galera et al. (2006) reported significant anxiety and somatic complaints in children with CS under age four but not in older children, which they also attributed to the feeding problems and hospitalizations that characterized the younger children's lives. An association between feeding/nutritional problems and behavior has also been reported in children with other neurodevelopmental disabilities. Reflux esophagitis has been noted as a potentially important contributor to irritability in children with autism (Horvath et al., 1999) , and chronic under-nutrition has been identified as contributing to irritability, increased fatigue, and lack of motivation in children with cerebral palsy (Stallings, Charney, Davies, & Cronk, 1993) . There is also evidence that treatments for feeding problems such as fundoplication improve social functioning in children with neurological impairment (Srivastava et al., 2007) .
Children with CS also have orthopedic complications and musculoskeletal abnormalities (Detweiler et al., 2013 ) that limit mobility and activity (Johnson et al., 2015) , which may impede their social functioning and contribute to an elevated false-positive rate for ASD on the M-CHAT. Research by Kuban et al. (2009) has shown that children born at extremely low gestational age (i.e., before 28 weeks gestation) have significantly elevated rates of ASD symptoms on the M-CHAT that are strongly associated with severity of neuro-motor impairment. In another study, positive responses on multiple M-CHAT items appeared directly attributable to motor impairment (Luyster et al., 2011) . In our sample, a majority of parents endorsed motor-related items on the M-CHAT such as Does not like climbing (n = 6), Does not walk (n = 5), and
Does not bring objects to you (n = 4), and not yet walking was perfectly correlated with meeting ASD criteria. These findings suggest caution when using screening tools for ASD in children with CS and other genetic and neurodevelopmental disorders with involvement of the FIGURE 1 SCQ subdomain scores for individuals with Costello syndrome (n = 7) compared to normative data from Rutter, Bailey, and Lord (2003) for children without an autism spectrum disorder or intellectual disability (non-ASD; n = 25), intellectual disability (n = 15), and autism spectrum disorder (ASD; n = 160). Higher scores indicate greater impairment motor system. In particular, clinicians may consider examining specific test items to see whether physical delays (e.g., in motor development) may be elevating scores.
Our findings are consistent with Alfieri et al. (2014) , who found elevated ASD rates primarily in subjects aged 4 years or younger. Two of four of their CS subjects who exceeded the ASD cutoff on the SCQ were assessed in infancy, and a third was 4 years old. They likewise suggested age as a partial explanation of increased ASD symptoms in their cohort. Our findings are similar to those of Adviento et al. (2014) regarding prevalence of positive screens, especially when using the more conservative M-CHAT cutoff, but they differ in that Adviento et al. (2014) found an elevated rate of ASD symptoms on the SCQ, whereas we only saw elevation on the M-CHAT. As they did not report findings by age, it is unclear whether this effect may have been due to subject age. In any case, given their larger sample (n = 43), Thus, these two cases differ either from more typical ASD or the more common variants of CS, making it difficult to generalize from them to the broader CS population.
| Limitations and future directions
Our study has a number of limitations. First, we had a relatively small sample size, which limits the generalizability of our findings, though given the rarity of CS, our sample size is not atypical. Second, only the older children were able to complete IQ testing. Third, given time limitations and the geographic distribution of the individuals, we were unable to follow-up with more comprehensive evaluations for ASD in children who screened positive. Completing the gold-standard evaluations for ASD is time-consuming and did not prove feasible for this study. Use of gold standard measures to verify all positive screens within a sample is needed to estimate the true prevalence of ASD in CS. Finally, our study was cross-sectional in nature. It is possible that our group difference was due not to age but to the use of different screening measures for different ages. Future research using longitudinal designs will help more definitively answer the question of whether children with CS show stable ASD symptoms or emerge out of an ASD presentation as they get older. A portion of this information was presented at the 2014
Pediatric Psychology Annual Conference.
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